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Notes Concerning Delocrinus and Graffhamicrinus (Crinoidea: Inadunata) 
H. L. STRIMPLE 1 
STRIMPLE, H. L. (Department of Geology , The University of Iowa, Iowa 
Ci ty, Iowa 52242) . Notes concerning Delocrinus and Graffhamicrinus 
(Crinoidea: lnadunata) . Proc. Iowa Acad. Sci. 84(4) : 157- 162 . 1977 . 
The purpose of the present study is to describe an historically important crown 
(cup with arms attached) of Delocrinus hemisphericus from Virgilian strata in 
Taylor County , Iowa , collected by C. A. White sometime during his tenure as 
State Geologist of Iowa ( 1866- 1869) , and to clarify the present status of the 
genus De/ocrinus. Several crowns of D. hemisphericus, one crown of Grajjhami-
crinus nodosarius (Strimple), and a divergent form described as Delocrinus 
elongatus n. sp. from the Virgilian of Oklahoma are illustrated. Possible 
Because of the large number of crinoids of Pennsylvanian age which 
are known only from dorsal cups, there has been some confusion 
through the years in attempting to group them into higher taxa . Many 
genera are little more than groups of superficia lly similar appearing 
species which may or may not be closely related. Many higher taxa are 
in the same category . The search fo r morphological feat ures which 
might serve as consistent taxobases among closely comparable forms 
ha~ not been fully successful as yet and is not anticipated by the present 
writer in the fo reseeable future. In the meantime, considerable progress 
is being made as more and better preserved material is found and 
evidence of phyletic lineages is accumulated. One of the most common 
and long ranging genera known among Pennsy lvanian crinoids is that 
commonly called Delocrinus Miller and Gurley, 1890, which has 
included at one time or another as many as 73 described nominal 
species. 
Associated with and probably related to Delocrinus in some manner 
are numerous other genera, the most pertinent to the present study being 
Diphuicrinus and Grafjhamicrinus. An attempt is made to delineate the 
various lineages and to evaluate some dissenting views . 
TH E G ENUS D ELOCRINUS MILLER & GURLEY 
The genus Delocrinus was restricted to the type species , Poterio-
crinus hemisphericus Shumard, 1858 , nomen nudum and the genus 
referred to nomen dubium by Knapp (1969). This action was taken 
because the type specimens of P . hemisphericus were lost and pre-
sumed to be destroyed by fire . Full details were g iven by Knapp ( 1969, 
p. 367 , 368). An alternative line of action was taken by Moore and 
Strimple ( 1970) with a petition to the International Commission on 
Zoological Nomenclature for fixation of a neotype of Poteriocrinus 
hemisphericus from among specimens actually used by Miller and 
Gurley ( 1890) when they proposed the genus Delocrinus. A favorable 
rul ing ( 1974, Opinion 1006) was subsequentl y made by the Interna-
tional Commission on Zoological nomenclature . Thu s thi s subsequent 
concept of the genus De/ocrinus must include characteri stics of the type 
spec ies as defined and illustrated by Moore and Strimple ( 1970): 
" Dorsal cup subc ircul ar in outline, low (height approximate ly one-
third of diameter), with narrow , moderately deep basa l concavity 
contai ning diminutive infrabasa l circlet of fi ve down-flared plates; 
basa l plates strongly curved longitudinally . forming part of basa l con-
cav ity and lower outer s ides of cup; radial plates notably wider than 
high nearly vertical at summit of cup . with broad subhori zontal articu-
lar facets of muscular type; s ingle anal plate between posterior radials. 
1 Departme11t of Geology . The University of Iowa . Iowa Ci ty . Iowa 52242 
phylogenies are discussed with emphasis on the genera De/ocrinus . Grajjhami-
crinus. and Diphuicrinus. 
INDEX D ESCRIPTORS: Crinoids (Delocrinus , Endelocrinus , Grajjhami-
crinus , Pa/merocrinus, Diphuicrinus; Delocrinus hemisphericus , and Delo-
crinus elongatus 11. sp.) ; Chesterian (Lower Carboniferous); Pennsylvanian 
(Morrowan , Atokan , Desmoinesian , Missourian. Virgilian), Upper Car-
boniferous; Nodaway Coal; Coal Creek Limestone; Fremont County. Iowa; 
Taylor County , Iowa; Washington and Osage Counties . Oklahoma; Lower 
Permian (Wolfca mpian) . 
with outer surface curved inward; first arm plate (primibrach) in fo rm of 
lo ng spine direc ted horizonta lly outward , with two upper facets for 
articulations with pair of arms (Fig. I, 1-3)." 
"Figure I" above is Plate 4 in the document (B. Z. N., v. 27) . 
" 1-3" represents the three figured specimens consis ting of the 
neotype, one dorsal cup and a single primaxil. The description can be 
enlarged to note a smooth cup exterior , a small, round stem with minute 
circul ar lumen; proxi mal ends of radials slightly above the basal plane 
in the neotype and apparently entering the basal plane in the figured 
specimen; distal portion of anal plate erect with a single distal face t in 
the neotype but elongated and inclined with two small facets on the 
distal te rmination in the figured specimen. It is possible the basal plates 
have been pressed upward by compaction and that proximal ends of 
radials do not actually enter the basal plane as appears in the fi gured 
spec imen as preserved (Moore and Strimple 1970, plate 4, figs . 2a-c), 
but the narro w, sharply inclined anal plate of Delocrinus with two 
face ts for reception of tube plates is identical to the anal plate arrange-
ment in several species of Diphuicrinus of Atokan and Desmoines ian 
age . 
It is di fficult to determine why and particularly when spinose 
primaxils developed in the catac rinid lineage . A phanocrinid genus 
ldosocrinus Wright , 1954 , is the oldest (Y isean , Lower Carbonifer-
ous) related genus known in which some primaxils project in a horizon-
tal manner as pronounced spines. Very simil ar spines are known in 
Morrowan strata and some have been illustrated by Moore and Plum-
mer ( 1938, fig . 33) as D elocrinus ? pendens Moore & Plummer and 
Delocrinus? sp . A , B, C . De/ocrinus matheri Moore and Plummer 
( 1938, fig. 32) was also illustrated but the holotype of thi s species is 
small and is poorly represented in the Morrowan and has subsequentl y 
been referred to Endelocrinus Moore and Plummer ( 1938) by Strimple 
( 1960). It is possible that Delocrinus ? sp. A is conspec ific wi th £11-
delocrinus matheri . Spines identified by those authors as D,,tocri11us 1 
pendens , Delocrinus ? sp . B. andDelocri11us ? sp . Care all large and are 
found assoc iated with the prolific Arkacri11us dubius to which they are 
probably related . Arkacri11us Knapp ( 1969) has .a highly advanced 
(specialized) cup and is not thought to have survi ved into Atokan time . 
If its progenitor is Bronaughocrinus Strimple of late Chesterian age. as 
I believe . it is a divergent end memberof the phanocrinid lineage and as 
such is then rel ated to diphuicrinids-catacrinids . 
Based on presently known material. De/ocrinus is thought to have 
evolved from Diphuicrinus , perhaps th rough Grajj1wmicrinus. Dl'io-
crinus flouri shed in Missourian and Virgilian time and continued as a 
viable genus into the Permian . Several divergent ge nera are involved 
(e.g.,A rrectocrinus Knapp . 1969.Pyndaxocrinus Knapp . 1969) . The 
unusually large Delocrinus 1·asrus Lane & Webster ( 1966) is Wolfcam-
pian (Lower Permian) in age and the primaxil s lack spinose extension s. 
Loss of spinosity of primibrachs in Delocri11u.1· is a lso found in Delo-
crinus elongatus n. sp. (Fig. I B. C). D. brow111·ille11sis andD. 1·1ilgarus 
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P R O C .  I O W A  A C A D .  S C I .  8 4  ( 1 9 7 7 )  
o f  V i r g i l i a n  a g e .  W h e t h e r  t h i s  c h a n g e  r e p r e s e n t s  a  h o m o g e n o u s  g r o u p  
h a s  n o t  b e e n  e s t a b l i s h e d .  
C o m m o n l y  o c c u r r i n g  w i t h  D e l o c r i n u s  i s  t h e  c l o s e l y  r e l a t e d  g e n u s  
G r a f j h a m i c r i n u s ,  w h i c h  i s  m o s t  r e a d i l y  i d e n t i f i e d  t h r o u g h  p o s s e s s i o n  
o f  a n  o r n a m e n t e d  e x t e r i o r .  G r a f j h a m i c r i n u s  i s  s t r a t i g r a p h i c a l l y  o l d e r  
t h a n D e l o c r i n u s ;  h o w e v e r ,  i n  M i s s o u r i a n  t i m e D e l o c r i n u s  b e c o m e s  t h e  
m o s t  p r o l i f i c  o f  t h e  t w o  g e n e r a .  K n a p p  (  1 9 6 9 )  c o n c l u d e d  t h a t  s u c h  
f e a t u r e s  a s  a r m s ,  p r e s e n c e  o r  a b s e n c e  o f  a n  a n a l  p l a t e ,  a n d  s u r f a c e  
o r n a m e n t a t i o n  w e r e  n o t  u s a b l e  a s  t a x o b a s e s  a t  t h e  g e n e r i c  l e v e l .  H e  a l s o  
c o n c l u d e d  t h a t  i t  w a s  i m p o s s i b l e  f o r  a  l i n e a g e  t o  p r o g r e s s i v e l y  e v o l v e  
t h e  b a s e  o f  t h e  c u p  f r o m  a  f l a t ,  o r  p l a n a t e ,  b a s e  t o  a  b a s a l  i n v a g i n a t i o n .  
M a n y  d e t a i l e d  o b s e r v a t i o n s  m a d e  b y  K n a p p  m a y  b e  v e r i f i e d  b y  e x a m i -
n a t i o n  o f  t h e  s p e c i m e n s  i n v o l v e d  b u t  s o m e  o f  h i s  m a j o r  i n t e r p r e t a t i o n s  
h a v e  b e e n  d i s c r e d i t e d  o r  r e v i s e d .  P r e s e n t l y  a c c e p t a b l e  t a x a n  a r e  l i s t e d  
b y  M o o r e ,  L a n e  a n d  S t r i m p l e  (  l  9 7 3 )  e x c e p t  t h a t  P a r a l l e l o c r i n u s  h a s  
s u b s e q u e n t l y  b e e n  s y n o n y m i z e d  w i t h  D i p h u i c r i n u s .  
S m a l l  s p e c i m e n s  o f  D e l o c r i n u s  f a l l  i n  t h e  s i z e  r a n g e  o f  m e d i u m  t o  
l a r g e  s p e c i m e n s  o f  E n d e l o c r i n u s .  T h i s  h a s  l e d  t o  s p e c u l a t i o n  o n  t h e  
p r o b a b i l i t y  t h a t  s o m e  s p e c i e s  o f  E n d e l o c r i n u s  m a y  i n  f a c t  b e  t h e  y o u n g  
o f  D e l o c r i n u s  ( s e e  S t r i m p l e ,  1 9 5 0 ) .  B e c a u s e  o f  c l o s e  r e l a t i o n s h i p ,  
E n d e l o c r i n u s  i s  c o n s i d e r e d  h e r e  i n  s o m e  d e t a i l .  
E u p a c h y c r i n u s  f a y e t t e n s i s  W o r t h e n  ( 1 8 7 3 )  i s  t h e  t y p e  s p e c i e s  o f  
E n d e l o c r i n u s  M o o r e  &  P l u m m e r  (  1 9 4 0 )  a n d  i s  c o n s i d e r e d  t o  b e  M i s -
s o u r i a n  i n  a g e  ( M o o r e  &  P l u m m e r ,  1 9 4 0 ,  p .  2 9 9 ) .  S o m e  c h a r a c t e r  
s t a t e s  a s c r i b e d  t o  t h e  g e n u s ,  s u c h  a s  " s t r o n g  t r a n s v e r s e  a s  w e l l  a s  
l o n g i t u d i n a l  c o n v e x i t y  o f  t h e  b a s a l s  ( B B )  a n d  r a d i a l s  ( R R ) ,  w h i c h  
m a k e s  t h e s e  p l a t e s  a p p e a r  d i s t i n c t l y  b u l b o u s ;  o r  b y  s h a r p  i n f l e x t i o n s  o f  
t h e  b o r d e r s  o f  t h e  b a s a l s  ( B B )  a n d  r a d i a l s  ( R R )  a t  a n g l e s  w h e r e  t h e y  
m e e t  - " ,  a r e  a c t u a l l y  w e a k l y  d e v e l o p e d  i n  t h e  h o l o t y p e  a n d  t h e  
h y p o t y p e  ( w h i c h  i s  o n  t h e  s a m e  b l o c k  o f  m a t r i x ) .  T h e  b u l b o s i t y  o f  c u p  
p l a t e s  i s  n o  m o r e  p r o n o u n c e d  t h a n  f o u n d  i n  A p o g r a p h i o c r i n u s  o r  i n  
s o m e  s p e c i e s  o f  C o n t o c r i n u s ;  h o w e v e r ,  b o t h  o f  t h o s e  g e n e r a  h a v e  
u n i s e r i a l  a r m s .  S o m e  o t h e r  s p e c i e s  a s c r i b e d  t o  E n d e l o c r i n u s  h a v e  
d i s t i n c t l y  b u l b o u s  p l a t e s ,  e . g . ,  E .  t u m i d u s  ( S t r i m p l e ,  1 9 3 9 ) .  D e l o -
c r i n u s  s .  s .  d o e s  n o t  h a v e  b u l b o u s  c u p  p l a t e s .  E .  f a y e t t e n i s  h a s  n o n -
s p i n o s e ,  s o m e w h a t  e l o n g a t e d ,  p r i m a x i l s  ( a c t u a l l y  o f  u n e q u a l  l e n g t h s )  
a n d  t h e  l o w e r  o n e - t h i r d  o f  t h e  a r m s  a r e  u n i s e r i a l ,  b e c o m i n g  b i s e r i a l  
a b o v e .  
E n d e l o c r i n u s  i s  s t r a t i g r a p h i c a l l y  o l d e r  t h a n  D e l o c r i n u s .  E n d e l o -
c r i n u s  m a t h e r i  ( M o o r e  &  P l u m m e r ,  1 9 3 8 )  i s  k n o w n  f r o m  M o r r o w a n  
r o c k s  o f  O k l a h o m a  a n d  A r k a n s a s  ( S t r i m p l e ,  1 9 6 0 ) .  E .  m a t h e r i  h a s  
u n i  s e r i a l  l o w e r  a r m s  ( d i s t a l  p o r t i o n s  a r e  n o t  k n o w n )  a n d  w e a k l y  d e f i n e d  
b u l b o s i t y  o f  B B  a n d  R R  a s  w e l l  a s  s l i g h t  d e p r e s s i o n s  a t  a p i c e s  o f  t h o s e  
p l a t e s .  T h e  s p e c i e s  i s  c l o s e l y  s i m i l a r t o E . f a y e t t e n s i s ,  b o t h  p o s s e s s i n g  a  
s h a l l o w  b a s a l  c o n c a v i t y  a n d  t a l l ,  n o n - s p i n o s e  p r i m a x i l s .  E .  g r a f o r d e n -
s i s  M o o r e  &  P l u m m e r  (  l  9 4 0 )  f r o m  t h e  M i s s o u r i a n  o f  T e x a s  f o l l o w s  t h e  
s a m e  p a t t e r n  a n d  t h e  t h r e e  s p e c i e s  ( £ .  f a y e t t e n s i s ,  E .  m a t h e r i ,  E .  
g r a f o r d e n s i s )  a r e  c o n s i d e r e d  h e r e  t o  r e p r e s e n t  t h e  p r i m a r y  l i n e a g e  
( E n d e l o c r i n u s  s .  s . ) .  
A  s p e c i e s  d e s c r i b e d  a s  D e l o c r i n u s  t i t i c a r a  S t r i m p l e  &  M o o r e  (  1 9 7 1 )  
i s  f r o m  W o l f c a m p i a n  ( L o w e r  P e r m i a n )  o f  B o l i v i a ,  S .  A .  T h e  t y p e  
l o c a l i t y  i s  a t  t h e  w o r l d  r e n o w n e d  L a k e  T i t i c a c a ,  w h i c h  w a s  a c c i d e n t a l l y  
m i s s p e l l e d  i n  t h e  s p e c i f i c  e p i t h e t  t h r o u g h o u t  t h e  s t u d y  a s  p u b l i s h e d .  
R u l e s  o f  Z o o l o g i c a l  N o m e n c l a t u r e  ( I .  C .  Z .  N . ,  A r t  3 2 c )  a l l o w  f o r  
c o r r e c t i o n  o f  a n  o b v i o u s  m i s t a k e  i n  s p e l l i n g  a n d  t h e  n a m e  s h o u l d  b e  D .  
t i t i c a c a .  T h e  b a s a l s  a n d  r a d i a l s  h a v e  s h a r p  i n f l e x t i o n s  a t  a n g l e s  w h e r e  
t h e y  m e e t ,  t h e  p r i m i b r a c h s  I  a r e  n o n - s p i n o s e  a n d  s h o w  i n e q u a l i t y  i n  
l e n g t h  ( h o w e v e r ,  t h e y  a r e  s o m e w h a t  s h o r t e r  t h a n  i n  s p e c i e s  o f  E n d e l o -
c r i n u s  s .  s . )  b u t  t h e  a r m s  c e a s e  t o  b e  c u n e a t e  w i t h  s e c u n d i b r a c h s  2 - 3 .  
T h e  s p e c i e s  i s  r e t a i n e d  i n  D e l o c r i n u s  a t  t h i s  t i m e  p e n d i n g  c o m p l e t i o n  o f  
o n t o g e n e t i c  s t u d i e s  w h i c h  a r e  u n d e r w a y .  
E n d e l o c r i n u s  t r a n s i t o r i u s  S t r i m p l e  &  M o o r e  (  1 9 7 1 )  f r o m  t h e  L a n e  
S h a l e ,  M i s s o u r i a n ,  i n  K a n s a s  C i t y ,  K a n s a s ,  h a s  a l l  t h e  c h a r a c t e r i s t i c s  
o f  E n d e l o c r i n u s  s .  s .  e x c e p t  f o r  t h e  p r i m a x i l s ,  w h i c h  a r e  s h o r t  a n d  
s p i n o s e ,  a s  i n  D e l o c r i n u s  s .  s .  
E n d e l o c r i n u s  t u m i d u s  s p i n o s u s  S t r i m p l e  (  1 9 5 0 )  b e l o n g s  t o  t h e  g r o u p  
o f  s p e c i e s  p r e s e n t l y  a s s i g n e d  t o  E n d e l o c r i n u s  w h i c h  d o  h a v e  d e c i d e d l y  
c o n v e x  o r  t i m i d  b a s a l s  a n d  r a d i a l s .  I t  i s  a  s m a l l  s p e c i e s  ( y o u t h f u l ? )  w i t h  
t a l l ,  s p i n o s e  p r i m a x i l s  o f  u n e q u a l  l e n g t h s .  B e c a u s e  o f  t h e  s p i n o s e  
p r o t r u s i o n  o f  p r i m i b r a c h s  I  t h e  p o s s i b i l i t y  i s  e n t e r t a i n e d  t h a t  i t  m i g h t  
r e p r e s e n t  a  y o u t h f u l  s t a g e  o f  D e l o c r i n u s  s .  s .  
A t  t h i s  t i m e  t h e r e  i s  a m p l e  e v i d e n c e  t o  c o n c l u d e  t h a t  a  h i g h l y  
c o m p l e x  g r o u p  o f  r e l a t i v e l y  s i m p l e  a p p e a r i n g  c r i n o i d s  a r e  i n c l u d e d  i n  
D e l o c r i n u s  s .  I .  a n d  t h a t  r e l a t i o n s h i p  w i t h  E n d e l o c r i n u s  s .  I .  i s  e v e n  
c l o s e r  t h a n  p r e v i o u s l y  c o n s i d e r e d .  
D E L O C R I N U S  H E M I S P H E R I C U S  F R O M  I O W A  ( F I G .  I A )  
D e l o c r i n u s  h e m i s p h e r i c u s  h a s  b e e n  r e p o r t e d  f r o m  t h e  C o a l  C r e e k  
L i m e s t o n e  ( V i r g i l i a n )  o f  F r e m o n t  C o u n t y ,  I o w a ,  b y  P a b i a n  &  S t r i m p l e  
( 1 9 7 4 ,  p .  2 1 ) .  A  c l o s e l y  r e l a t e d  f o r m  i s  d e s c r i b e d  f r o m  t h e  s a m e  
e x p o s u r e  a s  P a r a d e l o c r i n u s  t h u r m a n e n s i s  P a b i a n  &  S t r i m p l e  (  1 9 7 4 ,  p .  
2 2 ) .  B o t h  s p e c i m e n s  a r e  r e p r e s e n t e d  b y  c r o w n s .  T o  t h i s  i s  n o w  a d d e d  a  
c r o w n  o f  D e l o c r i n u s  h e m i s p h e r i c u s  f r o m  V i r g i l i a n  r o c k s  o f  T a y l o r  
C o u n t y ,  I o w a  ( F i g .  I  A ) .  T h e  c r o w n  w a s  n o  d o u b t  f o u n d  b y  W h i t e  
d u r i n g  t h e  g e o l o g i c a l  s u r v e y  o f  I o w a  w h i c h  h e  c o n d u c t e d  w h i l e  h e  w a s  
S t a t e  G e o l o g i s t  f r o m  1 8 6 6  t o  1 8 6 9 .  A c c o r d i n g  t o  h i s  r e p o r t  ( W h i t e ,  
1 8 7 0 )  t h e r e  w e r e  o n l y  t w o  a r e a s  i n  T a y l o r  C o u n t y  w i t h  e x p o s e d  r o c k  a t  
t h a t  t i m e ,  o n e  o f  w h i c h  w a s  n e a r  B e d f o r d  a n d  t h e  o t h e r  i n  t h e  n o r t h w e s t  
c o m e r  o f  t h e  c o u n t y  a t  F o s t e r ' s  C o a l  B a n k  ( s e c .  2 9 ,  T .  7 0 ,  R .  3 5 ) .  T h e  
e x p o s u r e s  w e r e  p r i m a r i l y  f o r  m i n i n g  N o d a w a y  c o a l  ( W a b a u n s e e  
G r o u p )  f o r  l o c a l  s a l e .  
T h e  h y p o t y p e  c r o w n  i s  r e p o s i t e d  i n  t h e  G e o l o g y  R e p o s i t o r y ,  T h e  
U n i v e r s i t y  o f  I o w a ,  I o w a  C i t y ,  C a t a l o g u e  n o .  S U I  3 4 2 5 .  T h e  c u p  h a s  a n  
e s t i m a t e d  d i a m e t e r  o f  1 7  m m ,  l e n g t h  o f  a r m s  5 0  m m ,  h e i g h t  o f  p r i m a x i l  
6 . 7  m m ,  w i d t h  1 0  m m .  
D E L O C R I N U S  H E M I S P H E R I C U S  F R O M  O K L A H O M A  ( F I G S .  
D , E , H )  
T h r e e  c r o w n s  o f  D e l o c r i n u s  h e m i s p h e r i c u s  f r o m  t h e  W a n n  F o r m a -
t i o n ,  O c h e l a t a  G r o u p ,  M i s s o u r i a n  o f  O k l a h o m a ,  a r e  i l l u s t r a t e d  f o r  
c o m p a r a t i v e  p u r p o s e s  a s  w e l l  a s  t o  s h o w  s e l e c t e d  m o r p h o l o g i c  f e a -
t u r e s .  T w o  o f  t h e  s p e c i m e n s  ( F i g .  I D  a n d  I E )  a r e  c o n s i d e r e d  t o  b e  
t y p i c a l  o f  t h e  s p e c i e s  e x c e p t  t h a t  o n e  ( F i g .  I E )  f a i l e d  t o  p r o d u c e  a n  
a x i l l a r y  p r i m i b r a c h  l  b u t  b r a n c h e s  o n  p r i m i b r a c h  2 .  A  s i m i l a r  c o n d i t i o n  
w a s  n o t e d  b y  P a b i a n  &  S t r i m p l e  (  1 9 7 3 ,  p .  1 8 ,  f i g .  1 6 )  f o r  a  s p e c i m e n  o f  
D .  b r o w n v i l l e n s i s  S t r i m p l e .  I f  t h e  c o n d i t i o n  i s  c o n s i d e r e d  t o  b e  a t a v i s t i c  
i t  w o u l d  r e l a t e  t o  a  d i s t a n t  r e l a t i v e  n o  y o u n g e r  t h a n  O s a g e a n  ( M i d d l e  
M i s s i s s i p p i a n )  i n  a g e .  I t  i s  c o n s i d e r e d  h e r e  t o  b e  a b n o r m a l .  
A l t h o u g h  a t t e n t i o n  h a s  n o t  h i t h e r t o  b e e n  d i r e c t e d  t o  t h e  i n t e r l o c k i n g  
a r r a n g e m e n t  o f  l o w e r  b r a c h i a l s  o f  a d j a c e n t  a r m s ,  t h e  c o n d i t i o n  e x i s t s  i n  
F i g u r e  I .  A .  D e l o c r i n u s  h e m i s p h e r i c u s  ( S h u m a r d ) ,  h y p o t y p e ,  S U I  3 4 2 5 ,  D E  i n t e r r a y  s i d e  v i e w  o f  c r o w n  f r o m  T a y l o r  C o u n t y ,  I o w a ,  X  1 . 5 .  
B ,  C .  D e l o c r i n u s e l o n g a t u s  n .  s p . ,  h o l o t y p e  U S N M  S . 5 7 4 3 ,  E  r a y  a n d  C r a y  v i e w s  o f  c r o w n  f r o m  W a s h i n g t o n  C o u n t y ,  O k l a h o m a ,  X  1 . 4  D ,  E ,  
H .  D e l o c r i n u s  h e m i s p h e r i c u s ,  h y p o t y p e  c r o w n s  U S N M  S . 5 7 4 0 ,  S . 5 7 3 9  a n d  S . 5 7 4 1 ,  C D  i n t e r r a y  v i e w ,  D r a y  v i e w ,  B r a y  v i e w ,  f r o m  O s a g e  
C o u n t y ,  O k l a h o m a ,  X  1 . 4 ,  F ,  G .  G r a f j h a m i c r i n u s  n o d o s a r i u s  ( S t r i m p l e ) ,  m e t a t y p e  U S N  M N  S . 5 7 4 2 ,  c r o w n  v i e w e d  f r o m  C D  i n t e r r a y  a n d  A  
r a y ,  f r o m  O s a g e  C o u n t y ,  O k l a h o m a ,  X  1 . 4 .  
2
P r o c e e d i n g s  o f  t h e  I o w a  A c a d e m y  o f  S c i e n c e ,  V o l .  8 4  [ 1 9 7 7 ] ,  N o .  4 ,  A r t .  9
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P R O C .  I O W A  A C A D .  S C I .  8 4  ( 19 7 7 )  
b o t h  D e l o c r i n u s  a n d  G r a j j h a m i c r i n u s .  A  s l i g h t l y  d i s p l a c e d  a n n  i l l u s -
t r a t e d  h e r e i n  f o r  D e l o c r i n u s  h e m i s p h e r i c u s  ( F i g .  I E ,  r i g h t  a r m )  d e -
m o n s t r a t e s  t h e  s y s t e m  o f  r i d g e s  a n d  d e p r e s s i o n s  o n  a n  e x p o s e d  f l a t -
t e n e d  s i d e  o f  t h e  a r m .  
A n o t h e r  s p e c i m e n  a s s i g n e d  t o  t h e  s p e c i e s  f r o m  t h e  s a m e  s t r a t i g r a p h -
i c  h o r i z o n  a n d  g e o g r a p h i c  l o c a l i t y  i s  i l l u s t r a t e d  ( F i g .  I  H ,  l e f t  a r m )  t o  
s h o w  a  s i m i l a r  s t r u c t u r e ,  b u t  w i t h  a  d i f f e r e n t  p a t t e r n .  T h e r e  a r e  o t h e r  
s u b t l e  d i f f e r e n c e s  b e t w e e n  t h e  t w o  s p e c i m e n s  w h i c h  p r e s u m a b l y  c o u l d  
r e p r e s e n t  s p e c i f i c  v a r i a t i o n s .  T h e  l a s t  m e n t i o n e d  s p e c i m e n  h a s  r a d i a l s  
w h i c h  r e a c h  t h e  b a s a l  p l a n e  o f  t h e  c u p ,  i t  h a s  a  s l i g h t  f o r e f a c e t  a t  t h e  
s u m m i t  o f  t h e  r a d i a l s ,  t h e  c u p  i s  f u l l e r  o r  m o r e  s p h e r i c a l ,  a n d  t h e  
p r i m a x i l s  a r e  m o r e  r o b u s t .  T h e  f i r s t  m e n t i o n e d  s p e c i m e n  i s  b y  f a r  m o r e  
r e p r e s e n t a t i v e  o f  s p e c i m e n s  o f  D .  h e m i s p h e r i c u s  f o u n d  a t  t h e  e x p o s u r e .  
I r r e g u l a r  t o p o g r a p h y  o f  f l a t t e n e d  s i d e s  o f  t h e  a r m s  o f  G r a j j h a m i -
c r i n u s  a c u t u s  S t r i m p l e ,  t y p e  s p e c i e s  o f  t h e  g e n u s ,  i s  i l l u s t r a t e d  b y  
S t r i m p l e  (  1 9 6 1 ,  t e x t - f i g .  2 2 b ,  p l a t e  1 5 ,  f i g .  6 ,  r i g h t  h a l f  r a y  o f  C r a y  
a r m ) ,  A r m s  o f  b o t h  G r a j j h a m i c r i n u s  a n d  D e l o c r i n u s  c o m m o n l y  e x -
p a n d  s l i g h t l y  t o  j u s t  b e l o w  m i d - l e n g t h  a n d  t h e r e a f t e r  t a p e r  t o w a r d  t h e  
d i s t a l  t e r m i n a t i o n .  I n t e r l o c k i n g  o f  a d j a c e n t  a r m s  i s  f o u n d  u p  i n t o  t h e i r  
w i d e s t  p o r t i o n s .  I t  i s  c o n c e i v a b l e  t h e  d i s t a l  p o r t i o n s  o f  t h e  a r m s  m i g h t  
h a v e  b e e n  o p e n e d  o n  o c c a s i o n  w h i l e  t h e  p r o x i m a l  p o r t i o n s  r e m a i n e d  
c l o s e d ,  o r  t h a t  t h e  s e q u e n c e  o f  o p e n i n g  w a s  f i r s t  d i s t a l  p o r t i o n s  a n d  t h e n  
p r o x i m a l w a r d .  W h e n  c l o s e d ,  t h e  e x t e r i o r  o f  t h e  a r m s  p r o v i d e d  p r o t e c -
t i o n  f r o m  s m a l l  p r e d a t o r s  f o r t h e  t h i n  p l a t e d  a n a l  t u b e ,  a n u s ,  a n d  t e g m e n  
a s  w e l l  a s  t h e  s o f t  t i s s u e  i n  t h e  i n t e r i o r  o f  t h e  a r m s .  T h e  a n a l  s a c  o f  
D e l o c r i n u s  i s  r e p o r t e d  t o  b e  a  s m a l l  c y l i n d r i c a l  t u b e  u s u a l l y  t e r m i n a t i n g  
w i t h  a n  e l o n g a t e d  s p i n e  ( M o o r e  &  S t r i m p l e ,  1 9 4 1 ) .  
T H E  G E N U S  D I P H U I C R I N U S  M O O R E  A N D  P L U M M E R  
O r i g i n a l  d e f i n i t i o n  o f  D i p h u i c r i n u s  M o o r e  &  P l u m m e r ,  1 9 3 8 ,  p .  
3 0 7 ,  i s  a s  f o l l o w s :  " C a l y x  l o w  b a s i n - s h a p e d ,  w i t h  b a s e  s h a r p l y  a n d  
s t r o n g l y  d e p r e s s e d .  1 8 8  3 ,  a t  b o t t o m  o f  b a s a l  c o n c a v i t y  o f  c u p ,  m o s t l y  
o r  e n t i r e l y  c o v e r e d  b y  s t e m  a t t a c h m e n t ;  t h e  s m a l l  1 8  i n  t h e  g e n o t y p e  
s p e c i e s  i s  i n  t h e  l e f t  a n t e r i o r  r a d i u s .  B B  5 ,  n e a r l y  e q u a l ,  p r o x i m a l  p a r t s  
f o r m i n g  s i d e s  o f  b a s a l  c o n c a v i t y  o f  c u p ,  d i s t a l  p a r t s  c u r v i n g  u p w a r d  t o  
a b o u t  m i d - h e i g h t  o f  o u t e r  w a l l  o f  c a l y x :  p B  [ p r o x i m a l  b a s a l ]  t r u n c a t e d  
d i s t a l l y  f o r  c o n t a c t  w i t h  a n a l  X .  R R  5 ,  w i d e r  t h a n  l o n g ;  a r t i c u l a r  f a c e t s  
o f  m o d e r a t e  w i d t h ,  n e a r l y  p l a n e .  A  s i n g l e  a n a l  p l a t e  i n t e r r u p t s  c i r c l e  o f  
R R ,  r e s t i n g  o n  p B  a n d  r i s i n g  s l i g h t l y  a b o v e  s u m m i t  l i n e  o f  R R .  I n  
e x t e r i o r  v i e w  o f  d o r s a l  c u p ,  s u t u r e s  a r e  o n l y  s l i g h t l y  i m p r e s s e d ;  s e p a -
r a t e d  p l a t e s  o f  t h e  c u p  s h o w  t h a t  t h e  f a c e  o f  s u t u r e s  a r e  m o r e  o r  l e s s  
d e e p l y  e x c a v a t e d ,  t h e  d e p r e s s i o n s  c a r r y i n g  c r o s s  r i d g e s ,  v e r y  p r o -
n o u n c e d  i n  s o m e  e x a m p l e s ,  f o r  m u s c u l a r  a n d  l i g a m e n t o u s  a t t a c h m e n t .  
A r m s  a n d  l e g m e n  u n k n o w n . "  
S u b s e q u e n t  e x a m i n a t i o n  o f  t y p e  a n d  t o p o t y p e  s p e c i m e n s  d i s c l o s e d  
t h e  e x i s t e n c e  o f  f i v e  r a t h e r  t h a n  t h r e e  i n f r a b a s a l s .  A l t h o u g h  n o t  i n -
c l u d e d  i n  t h e  d e s c r i p t i o n  t h e  f o l l o w i n g  e x c e r p t  f r o m  M o o r e  &  P l u m -
m e r ' s  " R e m a r k s "  i s  p e r t i n e n t :  " T h e  s h a p e  o f  t h e  d o r s a l  c u p  o f  
D i p h u i c r i n u s  i s  e s s e n t i a l l y  t h e  s a m e  a s  i n  D e l o c r i n u s ,  b u t  t h e  e x t e r n a l  
o r n a m e n t a t i o n  o f  s t r o n g  r o u n d e d  t u b e r c l e s ,  i s  f o r e i g n  t o  t h e  l a t t e r  
g e n u s ,  r e s e m b l i n g  r a t h e r  t h e  c o m m o n  t y p e  o f  d e c o r a t i o n  s e e n  i n  
E t h e l o c r i n u s . ' '  
I n  l i g h t  o f  t h i s  a n d  o t h e r  r e m a r k s  m a d e  b y  M o o r e  &  P l u m m e r (  1 9 3 8 ) ,  
a s  w e l l  a s  f r o m  o b s e r v a t i o n s  m a d e  b y  s u b s e q u e n t  i n v e s t i g a t o r s ,  I  
d i s a g r e e  w i t h  t h e  c o m m e n t  m a d e  b y  B u r k e  ( 1 9 7 6 ,  p .  1 0 ) :  " I f  t h i s  
s p e c i e s  [  s i c .  D e l o c r i n u s  a r i s t a t u s  S t r i m p l e ,  1 9 4 9  ] ,  o r  a n y  o t h e r  
s p e c i e s  o f  D i p h u i c r i n u s ,  i s  a s s u m e d  t o  b e  e i t h e r  c l o s e l y  r e l a t e d  o r  
a n c e s t r a l  t o  D e / o c r i n u s  (  = G r a f j h a m i c r i n u s )  I  f a i l  t o  f i n d  e v i d e n c e  t o  
s u p p o r t  t h a t  a s s u m p t i o n . "  T h e  f a c t  r e m a i n s  t h a t D i p h u i c r i n u s  c r o n e i s i  
M o o r e  &  P l u m m e r  i s  s t r a t i g r a p h i c a l l y  s l i g h t l y  o l d e r  t h a n  a n y  s p e c i e s  o f  
P a l m e r o c r i n u s  K n a p p  (  1 9 6 9 ) ,  G r a j j h a m i c r i n u s  S t r i m p l e  (  1 9 6 1 ) ,  o r  
D e l o c r i n u s  M i l l e r  &  G u r l e y  (  1 8 9 3 ) ,  a n d  h a s  a l l  o f  t h e  m o r p h o l o g i c  
f e a t u r e s  n e e d e d  t o  b e  c l o s e l y  r e l a t e d  o r  a n c e s t r a l  t o  a l l  o r  a n y  o f  t h o s e  
g e n e r a  s a v e  i n  t h e  p r e s e n c e  o f  p u s t u l o s e  s u r f a c e  o r n a m e n t a t i o n  w h i c h  i s  
a  f e a t u r e  s h a r e d  w i t h  G r a j j h a m i c r i n u s .  
I f  a n y  s p e c i e s  o f  D i p h u i c r i n u s  a r e  f o u n d  t o  h a v e  b i s e r i a l  a r m  s t r u c -
t u r e  t h e y  s h o u l d  b e  r e f e r r e d  t o  G r a j j h a m i c r i n u s .  
B o t h  D i p h u i c r i n u s  a n d  G r a j j h a m i c r i n u s  h a v e  n o n - s p i n o s e  p r i m a x i l s  
a l t h o u g h  s o m e  s p e c i e s  o f  G r a j j h a m i c r i n u s  a r e  n o w  k n o w n  t o  p r o d u c e  a  
b l u n t ,  p u s t u l e - l i k e  n o d e  a t  t h e  s u m m i t  o f  t h e  p r i m a x i l .  I n  m y  o p i n i o n  
t h i s  o n l y  d e m o n s t r a t e s  t h e  c l o s e  r e l a t i o n s h i p  b e t w e e n  t h e  g e n e r a  i n -
v o l v e d .  
E v i d e n c e  o f  d i m i n i s h i n g  s u r f a c e  o r n a m e n t a t i o n  w i t h i n  t h e  D i p h u i -
c r i n u s  l i n e a g e  i s  a f f o r d e d  b y  D .  p e n t a n o d u s  M o o r e  &  S t r i m p l e  ( 1 9 7 3 )  i n  
M o r r o w a n  t i m e  a n d  i s  e v e n  m o r e  r e a d i l y  a p p a r e n t  i n  s p e c i e s  s u c h  a s  D .  
d o v e l y e n s i s  S t r i m p l e  &  M o o r e  (  1 9 7 1 )  i n  D e s m o i n e s i a n  t i m e .  
A  b e t t e r  u n d e r s t a n d i n g  o f  t h e  P h a n o c r i n i d a e  f r o m  w h i c h  t h e  C a t a -
c r i n i d a e ,  D i p h u i c r i n i d a e ,  E n d e l o c r i n i d a e  a n d  a l l i e d  f a m i l i e s  p r o b a b l y  
o r i g i n a t e d  m i g h t  h a v e  h e l p e d  B u r k e  (  1 9 6 6 ,  1 9 7 0 ,  1 9 7 6 )  i n  h i s  e v a l u a -
t i o n s .  
P h a n o c r i n u s  a n d  t h e  c l o s e l y  a l l i e d  g e n u s  P e n t a r a m i c r i n u s  a r e  t h e  
m o s t  c o m m o n  c r i n o i d s  i n  G e n e v e v i a n  a n d  C h e s t e r i a n  s t r a t a .  T h e i r  
p r o l i f e r a t i o n  c r e a t e d  a  h o s t  o f  s l i g h t l y  d i v e r g e n t  f o r m s  e v e n  i n  C h e s t e r i -
a n  t i m e  s o  t h a t  i t  s h o u l d  b e  n o  s u r p r i s e  f o r  n u m e r o u s  s l i g h t l y  d i v e r g e n t  
g e n e r a  t o  a p p e a r  a s  P e n n s y l v a n i a n  d e r i v a t i v e s .  B u r k e  (  1 9 7 6 )  s e l e c t e d  
o b s e r v a t i o n s  m a d e  b y  B u r d i c k  &  S t r i m p l e  (  1 9 7 3 )  c o n c e r n i n g  t h e  i n c i p -
i e n t  c h a n g e  f r o m  u n i s e r i a l  t o  b i s e r i a l  a r m  s t r u c t u r e  e x h i b i t e d  b y  o n e  
s p e c i e s ,  P h a n o c r i n u s  c o o k s o n i  L a u d o n  (  1 9 4 1 ) .  B u r k e  (  1 9 7 6 )  c i t e d  t h i s  
a s  s h o w i n g  t h a t  m a t u r e  P h a n o c r i n u s  a t t a i n e d  a  d e g r e e  o f  i n c i p i e n t  
b i s e r i a l i t y .  A  p r i m a r y  l i n e a g e  o f  P h a n o c r i n u s  m a i n t a i n s  u n i s e r i a l  a r m s  
i n t o  t h e  I m o  F o r m a t i o n  ( u p p e r m o s t  C h e s t e r i a n )  w h i c h  c o n d i t i o n  i s  
r e t a i n e d  b y  s o m e  P e n n s y l v a n i a n  d e r i v a t i v e s  ( e . g . ,  D i p h u i c r i n u s ) .  
B u r k e ' s  ( 1 9 7 0 ,  1 9 7 6 )  a t t e m p t  t o  a s c r i b e  a  b i s e r i a l  a r m  s t r u c t u r e  i s  
u n s u p p o r t e d  b y  a v a i l a b l e  s p e c i m e n s .  T h e r e  i s  n o  p o s s i b i l i t y  o f  c o n s t r u -
i n g  t h e  t w o  k n o w n  c r o w n s ,  o f  D .  J a u s t u s ,  a s  b e i n g  y o u n g  ( s m a l l )  
e n o u g h  t o  r e p r e s e n t  a  s t a g e  i n  o n t o g e n y  o f  a  b i s e r i a l l y  a r m e d  s p e c i e s  i n  
w h i c h  u n i s e r i a l  b r a c h i a l s  a r e  s t i l l  p r e s e n t .  T h e  p r e o c c u p a t i o n  e x h i b i t e d  
b y  B u r k e  (  1 9 7 0 ,  1 9 7 6 )  w i t h  t h i s  f e a t u r e  i s  d i f f i c u l t  t o  u n d e r s t a n d  
p a r t i c u l a r l y  i n  l i g h t  o f  t h e  f a c t  t h a t D i p h u i c r i n u s ,  w h i c h  i s  a n  a c c e p t a b l e  
t a x o n  t o  h i m ,  w o u l d  b e  j u s t  a s  v u l n e r a b l e  t o  s y n o n y m y  w i t h  D e l o c r i n u s  
a s  i s  G r a j j h a m i c r i n u s ,  i f  D .  J a u s t u s  i s  j u d g e d  t o  h a v e  b i s e r i a l  a r m s .  
T w o  g e n e r a  p r o p o s e d  b y  K n a p p  (  1 9 6 9 )  a r e  c l o s e l y  r e l a t e d  t o D i p h u i -
c r i n u s  a n d  o n e ,  P a r a l l e l o c r i n u s ,  h a s  b e e n  s y n o n y m i z e d  w i t h  D i p h u i -
c r i n u s  ( M o o r e  a n d  S t r i m p l e ,  i n  p r e s s ) .  T h e  c u p  s u r f a c e  o f  t h e  o t h e r ,  
P a l m e r o c r i n u s ,  w a s  r e p o r t e d  b y  K n a p p  (  1 9 6 9 )  t o  b e  e i t h e r  o r n a t e  
( p u s t u l o s e )  o r  s m o o t h ;  h o w e v e r ,  S t r i m p l e  a n d  M o o r e  (  1 9 7 1 ,  p .  3 )  
r e m o v e d  t h e  o r n a t e  p a r a  t y p e  o f  P .  c o m p t u s  ( K n a p p ,  1 9 6 9 ,  p l .  6 1 ,  f i g s .  
2 3 - 2 4 )  f r o m  P a l m e r o c r i n u s  a n d  r e f e r r e d  i t  t o  P a r a l l e l o c r i n u s .  A s  
p r e s e n t l y  d e f i n e d  P a l m e r o c r i n u s  h a s  a  n o n - p u s t u l o s e  c u p  s u r f a c e .  
T h e  a r m s  o f  P a l m e r o c r i n u s  c o m p t u s ,  t y p e  s p e c i e s  o f  t h e  g e n u s ,  a r e  
n o t  k n o w n  b u t  a r e  a s s u m e d  t o  b e  l i k e  t h o s e  o f  P .  p r oJ u n d u s  ( s e e  M o o r e  
a n d  S t r i m p l e ,  1 9 7 3 ,  f i g .  5 ,  J b ) .  T h e  a r m s  d i f f e r  f r o m  t h o s e  o f  D i p h u i -
c r i n u s  J a u s t u s  i n  t h a t  t h e y  b e c o m e  b i s e r i a l  a t  a b o u t  s e c u n d i b r a c h s  8 .  
T h e  a n n s  o f  D .  J a u s / u s  a r e  c u n e a t e  t h r o u g h o u t  t h e i r  e n t i r e  l e n g t h .  
E n d e l o c r i n u s  m a t h e r i  h a s  a  s m o o t h  c u p  w i t h  s l i g h t  d e p r e s s i o n s  a t  
a p i c e s  o f  c u p  p l a t e s  a n d  1 0  u n i s e r i a l  a r m s .  R e l a t i o n s h i p  b e t w e e n £ .  
m a t h e r i  a n d  P a l m e r o c r i n u s  [ s i c .  P .  p r o J u n d u s ]  h a s  b e e n  s u g g e s t e d  b y  
M o o r e  a n d  S t r i m p l e  (  1 9 7 3 ,  p .  6 7 ) .  A l l  s p e c i e s  m e n t i o n e d  i n  t h i s  
p a r a g r a p h  a r e  M o r r o w a n  a g e  s a v e  P .  c o m p t u s  w h i c h  i s  f r o m  t h e  
A t o k a n .  
T h e  h i g h l y  o r n a t e  D i p h u i c r i n u s ,  a s  w e l l  a s  t h e  e s s e n t i a l l y  s m o o t h  
P a l m e r o c r i n u s ,  a r e  k n o w n  t o  o c c u r  i n  p o s t - M o r r o w a n  s t r a t u m ,  s o  i t  i s  
a s s u m e d  t h a t  P a l m e r o c r i n u s  w i l l  h a v e  b i s e r i a l  a r m s  a n d  D i p h u c r i n u s  
m a y  h a v e  v e r y  c u n e a t e  a r m s .  P a l m e r o c r i n u s  i s  t h o u g h t  t o  g i v e  r i s e  t o  
D e l o c r i n u s  ( C a t a c r i n i d a e )  a n d  D i p h u i c r i n u s  t o  G r a J j h a m i c r i n u s  
( D i p h u i c r i n i d a e ) .  E n d e l o c r i n u s  m a y  a l s o  b e  a  d e r i v a t i v e  o f  P a l m e r o -
c r i n u s  a n d  t h e  l i n e a g e  i s  i n c l u d e d  i n  t h e  C a t a c r i n i d a e .  
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NOTES CONCERNING CRINOIDS 161 
The species Delocrinus aristatus Strimple is Desmoinesian in age 
and has been referred to Grajjhamicrinus by Strimple ( 1961) . The 
o ldest known species of Grajjhamicrinus is G. antiquus Strimple & 
Watkins ( 1969) of Atokan age but the species is not discussed by Burke 
( 1976) . Unless he considers the involved genera and spec ies in total, 
little credence can be attached to his o bjections and speculations , in my 
opinion. A case in point is the atte mpt to construe the collapse of the 
basal region o f cups as having any significance other than preser-
vational. Innumerable specimens of the genus Diphuicrinus are known 
and reco rded whic h do no t di spl ay any te nde ncy to collapse . 
Ligamental fossae are known to exist between cup plates of Delocrinus 
(see Strimple & Moore, 197 1, figs . 7 , 3-7) as well as Diphuicrinus . If 
the feature is thought to be taxonomically significant then the relation-
ship between Diphuicrinus and Delocrinus is strengthened rather than 
weakened. 
No claim is made here of having solved all the problems concerning 
the genera involved but thousands of spec imens have been examined 
and are in the process of be ing evaluated and re-evaluated . A frame-
work of class ification has been proposed (Moore, Lane and Strimple , 
1973) and is already in process of re vision; howe ver, revisions are 
based on careful evaluation of all known materia l and fac tors. 
TH E G ENUS GRAFFHAMICRINUS ST RIMPLE 
Original description ofGrajjhamicrinus Strimple ( 1961 , p. 123) is as 
fo llows: " The dorsal cup is low , truncate bowl -shaped with deep basa l 
concavity . Fi ve 188 occupy the bottom of the basal concavity, are 
no rm a ll y ma inl y co ve red by th e prox ima l co lumn a l a nd a re 
downfl ared. Five BB are e longate , form most o f the basal concavity 
and curve upward to become visible in s ide view o f the cup . Five RR are 
large , pentagonal e le ments . There is a sing le anal plate , normally with 
the upper half above the summit of the c up and resting upon the 
truncated tip of the prox imal [ sic . posterior] basa l. The anal plate is 
succeeded by a single plate above. There are ten biseria l arms, 
bifurcating on the first primibrach in all rays. The primibrachs are 
usuall y rather short e le ments and may be mildly protruded and spine-
like, but do not develop long spines, as inDelocrinus subhemisphericus 
[ = D. hemisphericus] . T he exterior of the lower arms are normally 
mildly rounded but the upper arms are almost fl at. The lateral sides of 
the arms are fl at so that the arms abut closely when in repose. All cup 
pl ates are marked by ornamentation in the form of pustules, nodes, 
tubercles , ridges or strong granules, or a combination of any of these 
features, and the lower arms are also so marked . The column is round .'' 
It has been consistently overlooked by Burke ( 1966, 1970, 1976) that 
most species of Delocrinus typically and commonly have a strongly 
protruded, spinose primaxil and that most species o f Grajjhamicrinus 
do not show a pronounced spine-like primax il. Grajjhamicrinus is first 
recognized as G . antiquus in the Bostwick Conglomerate (Atokan) 
whereas Delocrinus has not been recognized with certainty before the 
Wewoka Formation (Desmo inesian). The genera occur concurrently 
throughout the Missourian and Yirgili an . There are apparently discrete 
lineages within the broad concept of Grajjhamicrinus just as there are 
divergent lineages within the broad concept of Delocrinus but this is a 
matter of refinement and does not warrant rejec tion of the genus 
Grajjhamicrinus. 
Surface ornamentation of Grajjhamicrinus antiquus is pronounced 
but some Desmoinesian species (e .g., G . tulsaensis Strimple , I 962b) 
have more subdued surfaces . G . nodosarius Strimple (1939) of 
Missourian age is highly ornate yet the upper portions of the arms are 
totally devoid ofornamentation (Fig. I F ,G) . G . magnificus (Strimple , 
1947) of Virgilian age has even more spectacular ornamentation and 
retains a smooth surface on distal portions of the arms. It is probable 
that G. nodosarius and G . magnificus represent a divergent lineage 
within Grajjhamicrinus which is thought to be closely aligned with 
Diphuicrinus croneisi . Grajjhamicrinus acutus Strimple (1961 ) , type 
species of the genus, G . tulsaensis, and comparable species , are 
distinct from the more highly ornamented species and probably find 
their origin in a species like Diphuicrinus faustus. These and other 
possibilities are being explored in other studies. 
The arms ofGrajjhamicrinus constrict s lightly above secundibrachs 
/ then ~xpand slowly to attain a maximum width at or slightly below 
mid-length thereafter tapering toward their distal extremity. Orna-
mentatio n of the outer surfaces is subdued and does not reach the point 
of greatest arm width in G . acutus but does so in the highly ornate G . 
nodosarius (Strimple, 1939 , figs . I F ,G). In Diphuicrinus fa ustus the 
arms bear small nodes for their entire length and there is no expansion 
of arms in mid-portions. 
Considering that brachials are added at the distal ends of arms during 
growth of the crinoids the smooth upper brachials are the youngest arm 
segments and could be expected to reflect youthful or ontogenetic 
characters . Youthful speci mens of Grajjhamicrinus are not presently 
recognized but are possibly represented in species of Tholiacrinus 
(Strimple , 1962a, p. 136). 
The ornate genus Tholiacrinus has been referred into synonymy with 
Grajjhamicrinus by Moore , Lane and Strimple (1973, p . 22) without 
discussion or explanation of the action. It is not clear at this time 
whether Tholiacrinus needs to be retained as a discrete genus or not. 
Based on present information , a close re lationship with Endelocrinus 
Moore & Plummer ( 1940) is just as possible as with Grajjhamicrinus. It 
is possible that smaller species presently assigned to Endelocrinus and 
Tholiacrinus are more readily preserved because of a closer union of 
cup plates. Larger species belonging to Diphuicrinus, Grajjhamicrinus 
and Delocrinus are known to possess ligamental union of cup plates and 
it is possible that young specimens disarticulated too rapidly at the time 
of death to be preserved in the fossil record . Current investigations are 
be ing directed toward such morphologic details . 
Ornamentation has one readily visible function which is to increase 
the surface area of the animal. Ro ughness will also provide a better 
surface fo r attachment of the thin epidermis . Whatever the function of 
ornamentation in Grajjhamicrinus , the need apparently does not extend 
to the upper arms. 
SYSTEMATIC P AL EONTOLOG Y 
Class CRINOIDEA Miller , 182 1 
Subclass INADUNATA Wachsmuth and Springer, 1885 
Order CLADIDA Moore and Laudon, 1943 
Suborder POTERIOCRINlNA Jaekel, 191 8 
Superfamily ERISOCRINACEA Wachsmuth and Springer , 1886 
Family CAT ACRINIDAE Knapp , 1969 
Genus DELOCRINUS Miller and Gurley , 1890 
DELOCRINUS ELONG ATUS Strimple, n . sp. 
Figures I B, C . 
Diagnos is. - Primaxil s taller than wide, non- spinose; arm s 
unusually long and lacking pronounced expansion in mid-length ; 
smooth cup surface . 
Description. - Dorsal cup is typical of Delocrinus and most closely 
resembles D . hemisphericus (see previous descriptio n) . The arms of D. 
elongatus are longer than those of Delocrinus hemisphericus and the 
absence of spinose primaxils is atypical but not unknown . The pos-
sibility is entertained here that D. elongatus may be a derivative of 
Grajjhamicrinus through suppressio n of surface ornamentation. The 
intimate re lationship thought to exist between Delocrinus, Grajjhami-
crinus, and Diphuicrinus has been previously discussed . 
Brachials are slow to interlock so that secundibrach 4 is the first to 
fa il to reach the opposite side . The brachials do not attain a fully 
equibiserial status until about secundibrachs / 0 . The elongated arms 
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1 6 2  P R O C .  I O W A  A C A D .  S C I .  8 4  ( 1 9 7 7 )  
a r e  m o r e  l i k e  t h o s e  o f  E r i s o c r i n u s  t h a n  t h o s e  u s u a l l y  a s s o c i a t e d  w i t h  
D e l o c r i n u s  b u t  t h e  p r i m a x i l s  a r e  p r o p o r t i o n a t e l y  t a l l e r  t h a n  f o u n d  i n  
a d u l t  E r i s o c r i n u s .  T h e  d o r s a l  c u p  w i t h  m o d e r a t e l y  d e e p  b a s a l  
c o n c a v i t y ,  s i n g l e  a n a l  p l a t e ,  a n d  l a c k  o f  s u r f a c e  o r n a m e n t a t i o n  a l l  l i n k  
t h e  s p e c i e s  w i t h  D e l o c r i n u s .  A s  s u g g e s t e d  i n  t h e  g e n e r i c  d i s c u s s i o n ,  D .  
e l o n g a t u s  m a y  r e p r e s e n t  a  d i v e r g e n t  t r e n d  w i t h i n  t h e  g e n u s D e l o c r i n u s  
f o l l o w e d  b y  D .  b r o w n v i l l e n s i s ,  D .  v u l g a t u s ,  a n d  D .  v a s t u s .  T h e  f i r s t  
t w o  s p e c i e s  a r e  o f  Y i r g i l i a n  a g e  a n d  t h e  l a s t  i s  W o l f c a m p i a n .  
C l o s e  a f f i n i t y  m a y  e x i s t  b e t w e e n  t y p i c a l  E n d e l o c r i n u s  ( i . e . ,  £ .  
f a y e t t e n s i s )  a n d  D e l o c r i n u s  e l o n g a t u s .  E . f a y e t t e n s i s  W o r t h e n  (  1 8 7 3 )  i s  
a  s m a l l  f o r m  w i t h  d e p r e s s e d  a r e a s  a t  t h e  c o m e r s  o f  r a d i a l  a n d  b a s a l  
p l a t e s  a n d  t h e  s e c u n d i b r a c h s  a r e  q u a d r a t e  u n t i l  t h e  s i x t h  t o  n i n t h  
s e g m e n t s ,  t h e r e a f t e r  b e c o m i n g  b i s e r i a l .  D .  e l o n g a t u s  i s  a  m u c h  l a r g e r  
s p e c i e s  ( m o r e  m a t u r e ? )  l a c k i n g  d e p r e s s e d  a r e a s  a t  p l a t e  c o m e r s  w i t h  
m o s t  l o w e r  b r a c h i a l s  i n t e r l o c k e d ,  b u t  n o t  e q u i b i s e r i a l  u n t i l  a b o u t  
s e c u n d i b r a c h s  J O  a s  p r e v i o u s l y  n o t e d .  B o t h  s p e c i e s  h a v e  m o d e r a t e l y  
t a l l ,  n o n - s p i n o s e  p r i m a x i l s  a n d  a  s i n g l e  a n a l  p l a t e  i n  t h e  c u p .  
M e a s u r e m e n t  o f  h o l o t y p e  i n  m i l l i m e t e r s :  l e n g t h  o f  c r o w n  5 5 . 8 ;  
h e i g h t  o f  d o r s a l  c u p  7  . 0 ,  w i d t h  1 6 . 5 ;  l e n g t h  o f  B C  b a s a l  9 . 1 ,  w i d t h  6 . 8 ;  
h e i g h t  o f  p r o x i m a l  e n d  o f  r a d i a l  a b o v e  b a s a l  p l a n e  1 . 3 ;  w i d t h  o f  E  r a d i a l  
9 . 5 ,  l e n g t h  5 . 2 ;  m a x i m u m  w i d t h  o f  a n a l  X  3 . 4 ,  l e n g t h  4 . 8 ;  l e n g t h  o f  D  
p r i m a x i l  6 . 2 ,  w i d t h  8 . 6 ;  l e n g t h  o f  C  p r i m a x i l  6 . 4 ,  w i d t h  8 . 1 ;  l e n g t h  o f  
A  p r i m a x i l  8 . 0 ,  w i d t h  8 . 5 .  
O c c u r r e n c e .  - B a r n s d a l l  F o r m a t i o n ,  O c h e l a t a  G r o u p ,  V i r g i l i a n ;  
a b a n d o n e d  t a n k  d i k e  i n  h i l l ,  N W  \ 4  N W  \ 4  s e c t i o n  L O ,  T .  2 8  N . ,  R .  1 3  
E . ,  W a s h i n g t o n  C o u n t y ,  O k l a h o m a .  
H o l o t y p e .  - R e p o s i t e d  i n  S p r i n g e r  C o l l e c t i o n ,  c a t a l o g u e  U S N M  
S 6 6 4 0 A ,  N a t i o n a l  M u s e u m  o f  N a t u r a l  H i s t o r y ,  W a s h i n g t o n ,  D . C .  
C o l l e c t e d  b y  H .  L .  S t r i m p l e .  
R E F E R E N C E S  
B U R D I C K ,  D .  W .  a n d  S T R I M P L E ,  H .  L . ,  1 9 7 3 .  N e w  l a t e  M i s s i s s i p p i a n  
c r i n o i d s  f r o m  n o r t h e r n  A r k a n s a s .  f o u r .  P a l e o .  4 7 : 2 3 1 - 2 4 3 ,  p l .  1 , 2 .  
B U R K E ,  J .  J . ,  1 9 6 6 .  E n d e l o c r i n u s  k i e r i ,  a  n e w  c r i n o i d  f r o m  t h e  A m e s  
L i m e s t o n e .  O h i o  f o u r .  S c i .  6 6 : 4 5 9 - 4 6 4 .  
- - - - - - - ,  1 9 7 0 .  S o m e  o r n a m e n t e d  e r i s o c r i n i d s  f r o m  t h e  A m e s  
L i m e s t o n e .  K i r t l a n d i a  9 ,  1 7  p . ,  3  f i g s .  
- - - - - - ,  1 9 7 6 .  A  n e w  c r i n o i d  f r o m  t h e  P u t n a m  H i l l  L i m e s t o n e  
M e m b e r  ( A l l e g h e n y  G r o u p ,  P e n n s y l v a n i a n )  o f  O h i o .  K i r t l a n d i a  2 3 :  1 - 1 0 ,  
f i g s .  1 - 9 .  
K N A P P ,  W .  D . ,  1 9 6 9 .  D e c l i n i d a ,  a  n e w  o r d e r  o f  l a t e  P a l e o z o i c  i n a d u n a t e  
c r i n o i d s .  f o u r .  P a l e o .  4 3 : 3 4 0 - 3 9 1 ,  p l .  6 1 ,  6 2 .  
L A N E ,  N .  G .  a n d  W E B S T E R ,  G .  D . ,  1 9 6 6 .  N e w  p e r m i a n  c r i n o i d  f a u n a  f r o m  
s o u t h e r n  N e v a d a .  U n i v .  C a l i f .  P u b .  G e o l .  S c i .  6 3 ,  5 8  p . ,  1 3  p l . ,  1 9  f i g .  
L A U O O N ,  L .  R . ,  1 9 4 1 .  N e w  c r i n o i d  f a u n a  f r o m  t h e  P i t k i n  L i m e s t o n e  o f  
N o r t h e a s t e r n  O k l a h o m a .  f o u r .  P a l e o .  1 5 : 3 8 4 - 3 9 1 ,  p l .  5 6 ,  5 7 .  
M I L L E R ,  S .  A .  a n d  G U R L E Y ,  W .  F .  E . ,  1 8 9 0 .  D e s c r i p t i o n  o f  s o m e  n e w  
g e n e r a  a n d  s p e c i e s  o f  E c h i n o d e r m a t a  f r o m  t h e  C o a l  M e a s u r e s  a n d  S u b c a r -
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